that were conducted in the late 1960s and early 1970s, it was discovered that the primate density and diversity in this forest was greater than any other known in western Madagascar. Although research at Antserananomby ceased in the 1980s, satellite images from 2000 indicated that the forests were still intact. In August 2004, we returned to Antserananomby to determine whether this site could feasibly become a location for long-term primate research and to assess whether efforts should be initiated to establish Antserananomby Forest as a national reserve. In addition to general assessments, we conducted diurnal primate surveys using the line transect sampling method. We found that the 8.6 ha of Antserananomby Forest have since been cleared. Due to recent demographic and attitudinal changes in the local human population, the surrounding forests are regularly burned, and at least some of the lemur species are hunted with lemur traps, dogs, and sling shots. In addition, the population densities of especially Eulemur fulvus rufus and Lemur catta, but also of Propithecus verreauxi verreauxi, Phaner furcifer, and , have declined appreciably. We conclude that although all of the primate fauna appear to be present, the current rate of deforestation at Antserananomby is unsustainable. If no action is taken to conserve what is left and restore what has been lost, then the forests in this region and their inhabitants are likely to soon disappear.
Introduction
The region of Antserananomby is 12 km north of the Mangoky River, 21.7°S, 44.1°E, in the Toliara province of Madagascar (Fig. 1) . In the 1970s, one of the forests, Antserananomby, was the site of a comparative primate ecology study and several primate surveys (Petter et al. 1971; Sussman 1972; Richard 1978) . Antserananomby was an alluvial forest of dense, mainly deciduous vegetation with trees reaching a height of 25 to 30 m. The dominant tree was Tamarindus indica, but species such as Acacia rovumae, Ficus soroceoides, Terminalia mantaly, Quivisianthe papinae, and Vitex beraviensis were also relatively common (Sussman 1972) .
Within the last thirty years, there has been very little contact between the villagers of Antserananomby and researchers. In addition to Sussman, the villagers remember Otto Appert, a Swiss missionary and naturalist who lived close to the area for many years. Appert produced multiple publications on bird species in the region (for example, Appert 1968 Appert , 1970a Appert , 1970b Appert , 1980 , and one broad diurnal primate survey (Appert 1966) . One of the main reasons so few other researchers have conducted studies in this area is that the entire region north of the Mangoky River becomes an island throughout the austral summer, when the Mangoky and Morondava rivers swell from the rains. In addition, the ability to reach Antserananomby has become increasingly problematic with the region's continuous decline in infrastructure .
Despite its inaccessibility, Antserananomby has long been the primate fauna, Antserananomby has been the only forest found to contain all of the lemur species known to exist in this region of western Madagascar [Sussman, unpubl. data] . Moreover, the densities of these populations have been reported as exceptionally high. When A. Schilling and Sussman conducted surveys on (red-tailed sportive lemurs) and Phaner furcifer (western fork-marked lemur) in the late 1960s, they found densities of 260 individuals/km² and at least 550 individuals/km² respectively (Petter et al. 1971) . Similarly, Sussman (1972 Sussman ( , 1974 observed that Lemur catta lived in densities of 214 individuals/km² and that Eulemur fulvus rufus lived in densities of 1,120 individuals / km². Both densities are the highest ever recorded for any unprovisioned L. catta and E. f. rufus populations (Sussman 1972; Gerson 1999; Overdorff et al. 1999; Sussman et al. 2006) . Last, in 1974, A. Richard accompanied Sussman to Antserananomby Propithecus verreauxi verreauxi in mean group sizes of 7.8 (Richard 1978) , with a conservative density estimate of 860 individuals/km². These numbers are the highest mean group size and density numbers recorded for these taxa (Table 1) .
At the time of these studies, it was not only the researchers who recognized the value of Antserananomby Forest. The people of this region were also aware of Antserananomby Forest's richness and would mention this forest whenever they were asked about local plants or animals. Hunting was forbidden within its boundaries by the inhabitants of the neighboring village (Antserananomby) because it was perceived as a sacred site (Sussman 1972 ).
Sussman and colleagues Ian Tattersall and Joelisoa Ratsirarson recently planned to begin the process to establish Antserananomby Forest and the surrounding forests as a national reserve. These plans were encouraged by satellite images from 2000, which indicated that the forests of Antserananomby, including Antserananomby Forest, were still intact . In 2001 and 2004, surveys ware conducted to ground truth the information conveyed by the satellite images. During our surveys, however, we found that conditions in the region had changed radically since the 1970s -1980s. A number of major socio-economic changes had transformed the region, including the immigration of people who did not respect the taboos (fadys) of the previous local inhabitants and the introduction of new crops. In this paper, we present a vivid example of how drastic changes can occur within a very short period of time, forever eliminating unique ecological communities and habitats. Many of the extremely rich but small, mainly undisturbed, natural habitats are not perpetuated as recognized protected reserves but, instead, by the beliefs and practices of the local people (Smith 1997; Clark et al. 1998; Golding and Folke 2000; Harpet et al. 2000; Casse et al. 2004; Bodin et al. 2006; Green et al. unpubl. ms.) . A greater attempt must be made to protect these areas. As stated by Smith (1997: pp.438 & 440) "It is evident that in Madagascar, as in many countries, reserves have been primarily located in areas unsuitable -or least suitable -for alternative use and development. This strategy is likely to have caused the extinction of many species and the loss of some of the best examples of Western dry forest."
Methods
Earlier censuses were conducted at Antserananomby by Sussman and colleagues in 1970 and 1974 . In 1970 , all groups of L. catta and E. f. rufus living within the 9 -10 ha gallery forest at Antserananomby were censused weekly or biweekly between July and September. There were 12 groups of red-fronted lemur with a total of approximately 112 animals, and 1 group of ringtailed lemurs containing 19 individuals (Sussman 1972 (Sussman et al. 2006) . ²Richard (1978), Jolly et al. (1982) , Richard et al. (1997) . ³Smith (1991), Sussman (2003) . of July. There were 10 groups with a total of 58 individuals (Richard 1978) . The forest was in a circumscribed area with a relatively low continuous canopy with exceptional visibility, and groups were easily observed and censused. In August 2004, Kelley and Muldoon revisited Antserananomby to 1) determine whether this site could feasibly become a location for long-term ecological research and to 2) assess whether efforts to establish Antserananomby Forest as a national reserve should continue. In addition, we conducted a diurnal primate survey using Buckland et al.'s (2001) line-transect sampling method (see also Burnham and Anderson 1976; Burnham et al. 1980) . This method was chosen over other methods, such as point transects, because line transect surveys are ideal for animals such as primates that 1) typically occur in low densities, 2) have large home ranges, et al. 1988; Buckland et al. 2001; Ross and Reeve 2003) . Since the gallery forest at Antserananomby no longer existed, the methods used in earlier years were no longer feasible. Permission to conduct this study was granted through the University of Antananarivo. The data collection methods are in compliance with the legal requirements for ecological research in Madagascar. Here we report on the census data collected on the diurnal lemur species in 2004.
Data collection
Data collection for the line-transect surveys took place from 8 August 2004 to 27 August 2004. A total of 122 hours were spent collecting line transect data within a total area of 5.9 km². The hours of data collection coincided with the diurnal/cathemeral lemurs' peak activity (Sussman 1972; Ganzhorn 1995; Müller et al. 2000) . Morning data were collected from 06:30 to 12:30. At 1500, we would survey a different forest fragment because it minimized the risk that the same group would be counted twice in the same day (Ross and Reeve 2003) . We collected afternoon data until approximately 18:00 hr. For each lemur sighting, we collected the following data: a) the time of sighting, b) Geographic Positioning System (GPS) readings (latitude, longitude, elevation, accuracy), c) the distance between us and the individual or central member in the group of lemurs, d) the number of observed adults and subadults, e) the initial canopy height of the lemurs, f) the compass direction the team was traveling when the lemur(s) were spotted, g) the compass direction of the lemur(s) in relation to traveling if they were moving when seen. Notes on general behavior were also recorded ad libitum. Only actual sightings were counted (Ganzhorn 1995; Müller et al. 2000) . If we suspected that a group or individual had already been counted, we did not record that sighting.
Data analysis
GPS data on lemur sightings were plotted on a LANDSAT 7 ETM + image to indicate where these groups were found relative to: 1) the Ianandranto River, the only water source, 2) villages, and 3) other landmarks. Measurement errors were corrected by referring to notes on landscape features that fell within the accuracy ranges measured by the GPS.
Density estimates for P. v. verreauxi and E. f. rufus were analyzed using Distance 5.0 Beta 5 (Thomas et al. 2005) . The sample size of L. catta was too low for this analysis (Buckland et al. 2001 ). Prior to density analyses, sightings distance data were visualized in box plots and histograms using SPSS 11.5. Based on these results, the observation width for P. v. verreauxi was truncated to 59 m, and the observation width for E. f. rufus was truncated to 25 m. Density estimates were obtained using the uniform + cosine (Fourier series) estimator (Crain et al. 1979; Burnham et al. 1980; Buckland et al. 2001) . Group size and density estimates were the same regardless of whether group size estimates were obtained using mean cluster size or the size-regression method.
Results
Upon arrival at Antserananomby, it immediately became apparent that a great deal of change had occurred in the region since the 1970s (Fig. 2) . First, the site of the old Antserananomby village is now barren savanna. Second, Antserananomby Forest is gone. Third, lemur traps, of which we observed four, were found within the remaining fragmented forests.
Seven of the eight lemur species that were known to inhabit Antserananomby Forest were observed during the survey, however: E. f. rufus, L. catta, , Microcebus murinus, Mirza coquereli, P. furcifer, and P. v. verreauxi. The only species that was not sighted, Cheirogaleus medius, hibernates during the austral winter (Sussman 1972; Hladik et al., 1980) . Since surveys were conducted only during the day, density estimates were not obtained for the nocturnal species. Among the three diurnal/cathemeral species, P. v. verreauxi was the most frequently sighted and widely dispersed. Over half of the 202 group sightings (which sometimes consisted of a single individual) were of Verreaux's sifaka (n = 134), and four sifaka females were observed with infants. While the mean observed group size for this species was 3.6 (Table  1) , one group contained 12 individuals. This species could be observed as far as 250 m away in the hillier areas of the region. In addition, P. v. verreauxi was the only species to be observed in groups of three or more within 500 m of Antserananomby village. As of 2004, we estimate the population density of Verreaux's sifaka at Antserananomby to be 49 individuals/ km². The second most frequently sighted of the three species was E. f. rufus (n = 58). These sightings often consisted of a lone individual or a pair, although the average group size was slightly higher (Table 1 ). The population density of this species was estimated to be 23.9 individuals/km². Lemur catta was only observed 10 times. With the exception of a troop that we sighted almost 125 m away, the species reacted to our presence every time. Consequently, half of the L. catta sightings were of a single individual (n = 5).
Most notable during the surveys were the observations mixed-species groups as groups with individuals of two species that travel, feed, and/or rest together as would one with -nition were seen together more than once over a 24-hour time red-fronted lemurs, was observed in a continuous canopy forwas near a burning forest patch, and parts of the forest near the camp were also smoldering. One of the two E. f. rufus infants that were sighted during the survey was observed in this group. The second mixed group was of seven red-fronted lemurs and eight ringtailed lemurs. It was seen traveling and feeding near the Ianadranto River, the only running water in the region during the austral winter. This mixed-species group had the largest number of E. f. rufus found near this river, and the only young ringtailed lemur seen throughout the study. Last, it is of interest to note that the second time the second group was observed, it was seen traveling through the exact same location with the same number of individuals, but with a single Verreaux's sifaka tailing the group.
Discussion

Primate survey
Based on six years of observations, Appert (1966) wrote that the most widespread and frequently sighted of the diurnal primate species in the Mangoky/Antserananomby region was Verreaux's sifaka, and the least frequently sighted was the redfronted lemur. Although it does not appear that Appert surveyed our area, our results are relatively consistent. Since in western Madagascar red-fronted lemurs are restricted largely to the dense middle canopies of deciduous and gallery forests (Sussman 2003; Müller et al. 2000) , habitat type may be an important reason why the red-fronted lemur had a high local density at Antserananomby Forest but not elsewhere.
However, the results of our survey clearly indicated that the overall densities of red-fronted lemurs and ringtailed lemurs have declined appreciably within the last few decades. Even Verreaux's sifaka, which appeared to be faring somewhat better relative to the other two species in this region, was found at a much lower density than is typical for this species (49 individuals/km² compared with 80 -550 individuals/km², Table 1) , when approximately 30 years earlier it had the highest recorded density for sifakas (Sussman 2003) . Similarly, although we did not systematically conduct nocturnal surveys, due to the complete loss of rich gallery forest habitat where the high density of these species was observed in earlier surveys, there is no doubt that the and P. furcifer populations have also declined markedly. These two species are largely restricted to undisturbed primary canopy forests in this region (Smith et al. 1997, Sussman pers. obs.) .
Last, we believe that the mixed species groups are the residual results of crowding (Hagan et al. 1996) . In the burning in the surrounding forest fragments. It is likely that what was observed was a demographic "concussion" in which individuals from both species were forced to reside within the same fragmented forest patch (Hagan et al. 1996) . This is the only group of red-fronted lemurs that was found near camp. Similarly, since running drinking water is very important for red-fronted lemurs (Scholz and Kappeler 2004) ; it is of note that the mixed species group that inhabited the fragment by the river had the largest number of E. f. rufus. It is possible that cohabitation with L. catta was the best opportunity these red-fronted lemurs had for gaining access to the water.
Causes of the recent changes at Antserananomby
Appert (1966) noted unsustainable rates of deforestation within the Mangoky/Antserananomby region as early as the 1960s. Antserananomby Forest was always an exception, however, because it was protected by the local villagers (Sussman, 1972) . There is evidence that the causes for the forest's recent demise are human migration and the introduction of maize. In the late 1970s, many of the original inhabitants of Antserananomby Village died from an epidemic disease, and the village was abandoned (Sussman unpubl. data) , and the town of Vondrove, which used to be the closest center of economic activity to Antserananomby, also started to decline . Today, all that remains of Vondrove is a small village. The Antserananomby area, which has been sparsely inhabited for many years, has recently been resettled by immigrants who lack the restrictions on clearing the forest and hunting the lemurs that were maintained by earlier inhabitants (R. W. and L. K. Sussman, unpubl. data) . Given this, it is interesting to note that Verreaux's sifaka, the largest and most visible species at this site, is also the only species that could readily be found resting there, and at ease in close proximity to the village.
In addition, maize is a new crop to Antserananomby that was not present during the 1970s research (R. W. and L. K. Sussman, unpubl. data) . Unlike crops such as cassava and sweet potatoes, maize requires hatsaka (Horning 2000; Horning 2003; Sussman et al. 2003) . Hatsaka is a type of slashand-burn agriculture in which forests are cut in one to six ha patches and burned (Ferguson 2002; Sussman et al. 2003; Casse et al. 2004) . As this agricultural practice is technically illegal in Madagascar, hatsaka is more commonly practiced in isolated areas (Jarosz 1993; Casse et al. 2004] . Economists who have studied the effects of maize cropping south of the Antserananomby region have found that hatsaka is the primary reason for forest clearance [Casse et al. 2004] . During our 2004 survey, hatsaka was the major crop in the area surrounding Antserananomby. Although maize was not yet being grown on the plot that was once the Antserananomby gallery forest, future maize cropping is undoubtedly the reason for its recent clearance (Bernard Tsiefatao pers. comm.).
Conclusions
In the volume accompanying the vegetation map published in 1965, Humbert and Cours Darne described the type of forest represented by Antserananomby Forest as almost totally destroyed with only rare vestiges still remaining (Humbert, 1965, p.70) . Moreover, deciduous dry forests in Madagascar have declined from 12.5% of the original cover in 1950 to only 2.8% in 1990 (Smith, 1997, p.426) . Since Antserananomby Forest and some of the remaining forests were likely included in the 1990 percentage, its recent disappearance suggests that current estimates of remaining dry forests in Madagascar are even smaller.
Since forest regeneration in southwest Madagascar is slow to non-existent once large portions of a forest have been cleared Casse et al. 2004) , future conservation efforts at Antserananomby could serve as a case study for whether an environment that has rapidly degenerated in recent years can be repaired. In the best case scenario, future research with applied conservation efforts at Antserananomby could result in environmentally sustainable sustenance alternatives for the local human population, the protection of lemur species, and the initiation of collaborative interests among the local community, the Malagasy government, and major challenge. Logistically, this area is often inaccessible for nine months of the year and a follow-up attempt to visit this site in 2005 failed, partly because of its remoteness. In addition, it is possible that the densities of some of the primate species, most notably red-fronted lemurs and ringtailed lemurs are already too low for successful recovery. Yet if the remaining forests in the region of Antserananomby disappear, then the region's villagers will likely have to move to forested areas with fertile land, if any still exist, where the destructive processes that are occurring at Antserananomby will be perpetuated. Conserving what is left of the region's biodiversity three of the world's most unique and critically endangered ecosystems -the spiny and succulent xerophytic forests of southern Madagascar, the rapidly disappearing deciduous forests of the northwest, and especially the extremely rare, lush forests of the small transition area that contains the unique The loss of the gallery forest of Antserananomby offers another example of the importance of local beliefs and practices, and of "sacred forest" in the preservation of small but extremely rich and unique ecological communities and habitats throughout Madagascar and elsewhere. In the region between the Morondava and Mongoky rivers, we are observing a rich and unique habitat disappear before our eyes. The question is whether anything can, or will, be done to prevent this irreversible tragedy.
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